Edited by Henrik G. Dohlman 2 The abbreviations used are: GLP-1, glucagon-like peptide-1; Fsk, forskolin; IBMX, 3-isobutyl 1-methylxanthine; LPI, lysophosphatidylinositol; GPR55, G protein-coupled receptor 55; TRPV2, transient receptor potential cation channel subfamily V member 2; TIRF, total internal reflection fluorescence; PLC, phospholipase C; ROCK, Rho-associated kinase; RR, ruthenium red; RB, Ringer Buffer; ANOVA, analysis of variance. cros ARTICLE
The lysophosphatidylinositol (LPI) has crucial roles in multiple physiological processes, including insulin exocytosis from pancreatic islets. However, the role of LPI in secretion of glucagon-like peptide-1 (GLP-1), a hormone that enhances glucoseinduced insulin secretion, is unclear. Here, we used the murine enteroendocrine L cell line GLUTag and primary murine small intestinal cells to elucidate the mechanism of LPI-induced GLP-1 secretion. Exogenous LPI addition increased intracellular Ca 2؉ concentrations ([Ca 2؉ ] i ) in GLUTag cells and induced GLP-1 secretion from both GLUTag and acutely prepared primary intestinal cells. The [Ca
] i increase was suppressed by an antagonist for G protein-coupled receptor 55 (GPR55) and by silencing of GPR55 expression, indicating involvement of G q and G 12/13 signaling pathways in the LPI-induced increased [Ca 2؉ ] i levels and GLP-1 secretion. However, GPR55 agonists did not mimic many of the effects of LPI. We also found that phospholipase C inhibitor and Rho-associated kinase inhibitor suppressed the [Ca 2؉ ] i increase and that LPI increased the number of focal adhesions, indicating actin reorganization. Of note, blockage or silencing of transient receptor potential cation channel subfamily V member 2 (TRPV2) channels suppressed both the LPI-induced [Ca 2؉ ] i increase and GLP-1 secretion. Furthermore, LPI accelerated TRPV2 translocation to the plasma membrane, which was significantly suppressed by a GPR55 antagonist. These findings suggest that TRPV2 activation via actin reorganization induced by G q and G 12/13 signaling is involved in LPI-stimulated GLP-1 secretion in enteroendocrine L cells. Because GPR55 agonists largely failed to mimic the effects of LPI, its actions on L cells are at least partially independent of GPR55 activation.
Stimulus-coupled secretion of glucagon-like peptide-1 (GLP-1) 2 from enteroendocrine L cells plays a fundamental role in glucose homeostasis, as secreted GLP-1 enhances glucoseinduced insulin secretion from pancreatic ␤ cells (1) (2) (3) . Drugs that artificially improve the effect of GLP-1, such as GLP-1 analogues or inhibitors of GLP-1 degrading enzymes, are used in clinical treatment. Understanding the precise molecular mechanism underlying endogenous GLP-1 secretion will provide further insight for the treatment of type 2 diabetes. Recent studies have revealed stimulatory effects of luminal nutrients including glucose, amino acids, and fatty acids on GLP-1 secretion from the L cells (4 -7) . In contrast, the involvement of circulating metabolism-related molecules, such as stress hormones and inflammatory cytokines, are still partially clarified (8 -10) .
Lysophospholipids are phospholipids with only one long fatty acid chain produced by phospholipase A (11) . They are not only components of the plasma membrane but also act as bioactive lipid messengers to regulate a variety of physiological processes, including immunity, tumorigenesis, and nociception (12) . Among these is lysophosphatidylinositol (LPI), which was suggested almost 30 years ago to play a Ca 2ϩ -dependent potentiating role in insulin exocytosis from pancreatic islets (13, 14) . Although studies have been performed on the contribution of LPI to membrane potential regulation (15) (16) (17) , cell migration (16) , and endothelial relaxation (18) , little has been explored regarding the effect of LPI on hormone secretion (15, 19) . This is in part because the specific receptor and downstream signaling pathways for LPI have not been identified.
An orphan G protein-coupled receptor 55 (GPR55) was identified as a specific LPI receptor (20, 21) . Subsequent studies were performed to clarify the intracellular signal cascades downstream of GPR55, mainly with GPR55-overexpressing HEK293 cells (20, (22) (23) (24) or the human endothelial cell line EA.hy926, which endogenously expresses GPR55 (25, 26) . Although GPR55 is generally coupled to either G q or G 12/13 proteins, experiments with HEK293 cells showed the activation of cAMP response element-binding protein (CREB), extracellular signal-regulated kinase (ERK), and nuclear factor-B (NFB) signaling pathways (23) , and those with EA.hy926 cells demonstrated the involvement of phosphatidylinositol 3-kinase (PI3K), integrin, and intermediate-conductance Ca 2ϩ -activated K ϩ channels (25, 26) .
Recent studies have shown that pancreatic islets express GPR55, and the application of GPR55 agonist enhanced the glucose-stimulated increase in intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ), clarifying a potential mechanism of LPI-induced insulin secretion (13, 14, 27, 28) . Moreover, the expression level of GPR55 in adipose tissues and the circulating LPI concentration were increased in obese human subjects (29) , and the circulating level of LPI is reduced during fasting (30) . These results suggest the involvement of LPI and GPR55 in glucose homeostasis. However, neither the role of LPI on the release of GLP-1 or the specific molecular mechanisms of LPI-induced hormone secretion from enteroendocrine L cells are largely unknown.
In this study we used the enteroendocrine L cell line GLUTag to elucidate the molecular mechanisms of LPI-induced GLP-1 secretion. We found that GLUTag cells endogenously express GPR55. Application of LPI induced a significant increase in [Ca 2ϩ ] i and GLP-1 secretion. GLP-1 secretion was also enhanced by LPI in primary intestinal cells from mice. Inhibition of GPR55 by an antagonist, silencing of GPR55 by a small interfering RNA (siRNA), and inhibition of the G q and G 12/13 pathways by a phospholipase C (PLC) inhibitor and a Rho-associated kinase (ROCK) inhibitor suppressed the LPI-induced [Ca 2ϩ ] i increase. Furthermore, blockage and silencing of transient potential receptor cation channel subfamily V member 2 (TRPV2) also suppressed the LPI-induced [Ca 2ϩ ] i increase and GLP-1 secretion. Interestingly, application of LPI to the cells induced the translocation of TRPV2 to the plasma membrane revealed by total internal reflection fluorescence microscopy. These results suggest that LPI induces GLP-1 secretion from enteroendocrine L cells through the activation of the GPR55, ROCK, and TRPV2 pathways.
Results

LPI increased [Ca 2؉ ] i in GLUTag cells via GPR55
To examine the effect of LPI on GLP-1 secretion from enteroendocrine L cells, we first monitored intracellular Ca 2ϩ dynamics using the Ca 2ϩ -sensing dye Fluo-4 AM in GLUTag cells. Application of LPI induced an [Ca 2ϩ ] i increase with prolonged oscillatory responses, and the area under curve of fluorescence intensity of Fluo-4 was significantly increased (Fig. 1 , A and B). 2 M LPI was sufficient to significantly enhance GLP-1 secretion as determined by ELISA (Fig. 1C ). Furthermore, application of 10 M LPI significantly increased GLP-1 secretion in primary mouse small intestinal cells (Fig. 1D) .
To clarify the signaling cascades involved in the LPI-induced [Ca 2ϩ ] i increase, we examined the contribution of GPR55, an LPI receptor. As determined by RT-PCR, GPR55 was expressed in GLUTag cells ( Fig. 2A and supplemental Fig. S1A ). Co-application of the GPR55 antagonist O-1918 with LPI significantly reduced the LPI-induced [Ca 2ϩ ] i increase (Fig. 2 , B and C). Silencing of endogenous GPR55 expression using a specific siRNA also significantly suppressed the LPI-induced [Ca 2ϩ ] i increase (Fig. 2 , D and E, and supplemental Fig. S1B ). These results suggest that GPR55 functions as a receptor through which LPI induces [Ca 2ϩ ] i increase in enteroendocrine L cells.
LPI induced [Ca 2؉ ] i increase and actin reorganization through the G q and G 12/13 pathways
Because GPR55 is generally coupled to G q or G 12/13 proteins, we next examined the effect of the PLC inhibitor U-73122 and the ROCK inhibitor Y-27632 to clarify the involvement of these pathways downstream of GPR55. Co-application of either U-73122 or Y-27632 with LPI significantly suppressed the LPIinduced [Ca 2ϩ ] i increase ( Fig. 3 , A-D). These results suggest that both PLC-and RhoA-mediated signals are involved in the LPI-induced [Ca 2ϩ ] i increase. Although we also examined the involvement of PI3K pathway using a PI3K inhibitor LY294002, co-application of LY294002 with LPI had little effect (Fig. 3 , E and F).
To investigate the role of RhoA-mediated signals in response to LPI, we analyzed subplasma membrane actin dynamics by total internal reflection fluorescence (TIRF) microscopy using the actin visualizing fluorescent protein Lifeact-EGFP (31). After the application of LPI, Lifeact-EGFP fluorescent fibers became thicker in the leading edge of the plasma membrane ( Fig. 3G ). Additionally, we found a significant increase in punctate fluorescent signals throughout the subplasma membrane. These signals were likely focal adhesions formed by RhoA GTPase (32, 33) ( Fig. 3G , insets, and H). These results suggest that actin reorganization contributes to LPI-induced GLP-1 secretion through the G q and G 12/13 pathways.
TRPV2 was involved in LPI-induced [Ca 2؉ ] i increase and GLP-1 secretion
We explored additional signaling pathways that could contribute to [Ca 2ϩ ] i increase. LPI induces [Ca 2ϩ ] i increase in TRPV2-overexpressing HEK293 cells (16) ; therefore, we examined the involvement of TRPV2 in LPI-induced [Ca 2ϩ ] i increase in GLUTag cells. We confirmed expression of TRPV2 mRNA in GLUTag cells by RT-PCR ( Fig. 4A and supplemental Fig. S1C ). Co-application of the TRP channel blocker ruthenium red (RR) with LPI significantly suppressed the LPI-induced [Ca 2ϩ ] i increase and GLP-1 secretion ( Fig. 4, B-D) . Ruthenium red used to inhibit TRPV2 activity in this study also inhibits many additional subtypes of TRP channels and is not specific for TRPV2 (34) . Therefore, we next specifically silenced TRPV2 expression by siRNA. This treatment also significantly suppressed LPI-induced [Ca 2ϩ ] i increase and GLP-1 secretion ( Fig. 4 , E-G, and supplemental Fig. S1D ).
To understand the mechanism of TRPV2 activation underlying the [Ca 2ϩ ] i increase, we monitored the localization of TRPV2 on the plasma membrane using TIRF microscopy. Application of LPI induced a gradual increase in the fluorescence intensity of TRPV2-EGFP throughout the entire plasma membrane (Fig. 5, A and B , and supplemental Movie S1). The increase in the fluorescence intensity of TRPV2-EGFP was significantly suppressed by co-application of O-1918 with LPI ( Fig. 5C ). These results suggest that LPI-induced TRPV2 translocation to the plasma membrane is involved in the [Ca 2ϩ ] i increase and GLP-1 secretion.
LPI-induced [Ca 2؉ ] i increase and TRPV2 activation is not solely dependent on GPR55
We next investigated whether selective activation of GPR55 recapitulates the LPI-induced [Ca 2ϩ ] i increase, TRPV2 translocation, and GLP-1 secretion. However, application of GPR55 agonist, O-1602, had little effect on [Ca 2ϩ ] i , fluorescence intensity of TRPV2-EGFP, or GLP-1 secretion (Fig. 6 ). These results suggest that the [Ca 2ϩ ] i increase and GLP-1 secretion is not evoked by simply activating GPR55.
Discussion
The focus of our research was to explore whether LPI induces GLP-1 secretion from enteroendocrine L cells and to clarify the precise signaling pathways downstream of LPI stimulation that contribute GLP-1 secretion. In this study we found that the enteroendocrine L cell line GLUTag exhibited a [Ca 2ϩ ] i increase in response to LPI via the G protein-coupled receptor GPR55 (Figs. 1 and 2). The EC 50 of LPI estimated from Ca 2ϩ imaging was 3.4 M (supplemental Fig. 2A ). Because the circulating level of LPI in rats is ϳ3 M (30), 2 M LPI may be sufficient to induce GLP-1 secretion from enteroendocrine L cells under physiological conditions. In the presence of 2 M LPI, ϳ50 -80% of observed cells showed a [Ca 2ϩ ] i increase (data not shown). This phenomenon may be explained by different expression levels of GPR55, TRPV2, and G q or G 12/13 proteins.
GPR55 is involved in the G q , G 12/13 , and PI3K pathways (20, 21, (23) (24) (25) . Interestingly, inhibition of PLC or ROCK significantly suppressed the [Ca 2ϩ ] i increase in GLUTag cells, whereas inhibition of PI3K had little effect (Fig. 3) . The subfamily of heterotrimeric G proteins is heterogeneously distributed in various cells and tissues (35, 36) . In contrast, many G proteincoupled receptors functionally switch the subfamily of G protein with which they are associated (37) (38) (39) . Thus, these effects may be explained by the difference in expression levels and/or the functional switch between G q and G 12/13 proteins in GLUTag cells. Consistent with previous results (16) , translocation of TRPV2 to the plasma membrane in response to LPI appears to be a key phenomenon to LPI-induced [Ca 2ϩ ] i increase and GLP-1 secretion ( Figs. 4 and 5 ). Notably, inhibition or silencing of GPR55 suppressed the [Ca 2ϩ ] i increase (Fig. 4, E-G) , and translocation of TRPV2 was also GPR55-dependent ( Fig. 5C ), suggesting that TRPV2 translocation takes place in response to the activation of GPR55. Because insulin-induced translocation of glucose transporters in adipocytes and muscle cells are RhoA-and ROCK-dependent (40 -42) , we speculated that translocation of TRPV2 in GLUTag cells is associated with RhoA/ROCK-dependent formation of focal adhesions. This speculation appears consistent with the previous report that TRPV2 is colocalized with proteins such as integrin, paxillin, and focal adhesion kinase (FAK) family proteins (43) , which accumulate in focal adhesions.
We found that LPI increased the number of focal adhesions (Fig. 3, G and H) . The increase likely contributes to increasing the number of TRPV2 channels on the plasma membrane for GLP-1 secretion in GLUTag cells. Furthermore, regulation of the actin network is an important step for vesicle trafficking (44) , and coordinated assembly and disassembly of actin filaments by RhoA near the plasma membrane facilitates fusion of vesicles with the membrane (45) . Therefore, facilitation of fusion of TRPV2-containing vesicles also presumably contributes to enhancement of TRPV2 localization on the plasma membrane induced by LPI. Because experiments with fluorescent proteins require careful interpretation on photobleach, further study in combination with biochemical assays and electrophysiological recording will clarify the precise interplay between actin reorganization and TRPV2 translocation.
Inhibition and silencing of GPR55 partly suppressed the [Ca 2ϩ ] i increase and translocation of TRPV2 caused by application of LPI (Fig. 2, B-E) , whereas blockage and silencing of TRPV2 suppressed it almost completely (Fig. 4, B-G) . Moreover, selective activation of GPR55 did not induce the [Ca 2ϩ ] i increase, TRPV2 translocation, or GLP-1 secretion (Fig. 6) . These results suggest the possibility that activation of TRPV2 by LPI is not solely regulated by GPR55. Interestingly, there are several TRP channels other than TRPV2 that are activated by lysophospholipids. For instance, TRPV1 is activated by direct binding of lysophosphatidic acid (46) , and TRPM8 is activated by lysophosphatidylcholine and lysophosphatidylserine (47, 48) . Moreover, heterologous expression of TRPV2 in HEK293 cells exhibited an [Ca 2ϩ ] i increase induced by LPI and lysophosphatidylcholine (16) . It is conceivable that TRPV2 is also activated by direct binding of LPI. Further investigation into the biochemical interactions between TRP channels and lysophospholipids needs to be performed.
Collectively, our study showed that LPI stimulates GLP-1 secretion from both GLUTag cells and primary cultured small intestinal cells, which is mediated by both GPR55 and TRPV2 (Fig. 7) . The present data clarify the precise signaling pathways provoked by LPI to induce hormone secretion and demonstrate the importance of lysophospholipid sensing for GLP-1 secretion. Although cumulative evidence reveals the relationship between LPI-GPR55 signaling and the impairment of glucose homeostasis (29, 49) , we would need to examine the kinetics of circulating LPI related to food intake to clarify the interplay with GLP-1 and insulin secretion. Further research in vivo will provide a novel insight into therapies treating metabolic diseases including diabetes.
Experimental procedures
Chemicals L-␣-Lysophosphatidylinositol (LPI) sodium salt was purchased from Sigma. O-1918, O-1602, U-73122, and LY294002 were purchased from Cayman Chemical (Ann Arbor, MI). Forskolin (Fsk), Y-27632, and RR were purchased from WAKO Pure Chemical Industries (Osaka, Japan). 3-Isobutyl 1-methylxanthine (IBMX) was purchased from Merck.
Plasmid construction
A mouse TRPV2 clone was purchased from DNAFORM (ID 2210009M20, Kanagawa, Japan). TRPV2-EGFP was cloned by amplifying the mouse TRPV2 cDNA by PCR followed by ligation into the XhoI/EcoRI sites of pEGFP-N1. Lifeact-EGFP (kindly provided by Dr. Roland Wedlich-Soldner, Max Planck Institute of Biochemistry, Germany) was used as previously described (31) .
Cell culture and plasmid transfection
GLUTag cells (kindly provided by Dr. Daniel Drucker, Lunenfeld-Tanenbaum Research Institute, Toronto, Canada) were cultured in Dulbecco's modified Eagle's medium (Sigma) supplemented with 1 g/liter glucose, L-glutamine, sodium pyruvate, 10% (v/v) heat-inactivated fetal bovine serum (Sigma), 100 units/ml penicillin, and 100 g/ml streptomycin (Sigma) at 37°C under 5% CO 2 . For imaging experiments, the cells were trypsinized, and 1 ϫ 10 5 cells were plated onto poly-L-lysine (Sigma)-coated glass coverslips in 35-mm dishes. Two days after plating, the cells were transfected with 1.5 g of plasmid using 3 l of Lipofectamine 2000 Transfection Reagent (Thermo Fisher Scientific, Waltham, MA) according to the manufacturer's protocol.
RNA isolation and RT-PCR analysis
Total RNA from GLUTag cells and mouse tissues was isolated using the RNeasy Mini Kit (Qiagen, KJ Venlo, The Netherlands). After DNase treatment using RNase-Free DNase Set (Qiagen), cDNA was synthesized using the High Capacity RNA-to-cDNA kit (Thermo Fisher Scientific). Synthesized cDNA was amplified using EmeraldAmp PCR Master Mix (TaKaRa, Shiga, Japan). For PCR amplification of GPR55 (NM_001033290.2), the forward primer 5Ј-GACTTGGACAG-CCTAGGAAGG-3Ј and the reverse primer 5Ј-CCTTTGTGC-TGCTTGGTGAAG-3Ј were used. For TRPV2 (NM_011706.2), the forward primer 5Ј-TGTACGACCTGTCCTCTGTG-3Ј and the reverse primer 5Ј-CAACAGCAGCATGGAGTCC-3Ј were used. For glyceraldehyde-3-phosphate dehydrogenase (GAPDH, NM_001289726.1), the forward primer 5Ј-CCGGT-GCTGAGTATGTCGTGGAGTCTAC-3Ј, and the reverse primer 5Ј-CTTTCCAGAGGGGCCATCCACAGTCTTC-3Ј were used.
RNA interference of GPR55 and TRPV2
GLUTag cells plated for 24 h were transfected with 100 nM GPR55 siRNA (Silencer Select siRNA, s105617, Thermo Fisher Scientific), TRPV2 siRNA (Mission siRNA, Mm_Trpv2_6139, Sigma), or the corresponding negative control siRNAs (Negative Control No. 1 for Silencer Select siRNA, SIC-001 for Mission siRNA, respectively) using Lipofectamine 2000 Transfection Reagent according to the manufacturer's protocol. Ca 2ϩ imaging experiments were performed 24 h after transfection.
To examine knockdown efficiency, total RNA from siRNAtreated cells was isolated, and mRNA expression levels were monitored using RT-PCR as described above. PCR was terminated during the linear amplification phase for each product. Products were electrophoresed in 2% agarose gels containing 1 mg/liter ethidium bromide. Images were analyzed using ImageJ (National Institutes of Health, Bethesda, MD), and the fluorescence intensity of each band was quantified.
Ca 2؉ imaging
GLUTag cells plated on coverslips for 2 days were loaded with 250 nM Fluo-4 AM (Dojindo, Kumamoto, Japan) in modified Ringer Buffer (RB: 140 mM NaCl, 3.5 mM KCl, 0.5 mM NaH 2 PO 4 , 0.5 mM MgSO 4 , 1.5 mM CaCl 2 , 10 mM HEPES, 2 mM NaHCO 3 ) containing 5 mM glucose. After incubation for 20 min at 37°C under 5% CO 2 , the cells were washed twice, added to RB containing 0.1 mM glucose, and mounted on a stage heated at 37°C. Imaging was performed using an inverted microscope (IX-71, Olympus, Tokyo, Japan) equipped with an oil-immersion objective lens (UApo/340, 40ϫ, NA ϭ 1.35, Olympus) and an EM-CCD camera (Evolve, Photometrics, Tucson, AZ), whose exposure was controlled by MetaMorph software (Molecular Devices, Sunnyvale, CA). The cells were excited using a xenon lamp, and images were acquired every 5 s for 20 min. LPI stimulation was performed with a pipette 180 s after the initiation of image acquisition.
Total internal reflection fluorescence microscopy
GLUTag cells transfected with Lifeact-EGFP or TRPV2-EGFP were washed and imaged as described above. Imaging was performed using an inverted microscope (ECLIPSE Ti-E, Nikon, Tokyo, Japan). We used a high numerical aperture objective lens (CFI Apochromat TIRF, 100ϫ, NA ϭ 1.49, Nikon), and incident light for total internal reflection illumination was introduced from the objective lens through a singlemode optical fiber and two illumination lenses (TI-TIRF, Nikon). An optically pumped semiconductor 488-nm laser (Sapphire 488LP, 30 milliwatts, Coherent, Santa Clara, Canada) was used through a band-pass filter (HQ535/30m, Chroma, Bellows Falls, VT) as an emission filter. The laser beam was passed through an electromagnetically driven shutter (TI-TIRF, Nikon), and the shutter was opened synchronously with an EM-CCD camera (iXon, Andor, Belfast, UK) whose exposure was controlled by MetaMorph software. Images were acquired every 500 ms for 20 min.
Enzyme-linked immunosorbent assay
GLUTag cells were plated in 6-well plates at 2.5-5 ϫ 10 5 cells per well. RNA interference was performed as described above. Two days after plating cells were washed twice with RB containing 5 mM glucose for 10 min at 37°C under 5% CO 2 . Then either vehicle solution (dimethyl sulfoxide), LPI, or LPI plus inhibitors in RB containing 0.1 mM glucose were applied to the cells and incubated for 30 min at 37°C under 5% CO 2 . After centrifugation at 1000 ϫ g for 10 min at 4°C, supernatant was used for analysis with the Glucagon-Like Peptide-1 (Active) ELISA kit (Merck Millipore) and microplate reader (Mithras LB 940, Berthold, Bad Wildbad, Germany).
Acute preparation of primary cultured mouse small intestinal cells
All experiments with animals were performed in accordance with the ethical guidelines for animal care and use of the University of Tokyo. In each experiment, three C57BL/6J mice (SLC, Shizuoka, Japan) at 8 weeks old were sacrificed by cervical dislocation after free access to water and food overnight. Small intestines were collected and cut into small pieces in ice-cold PBS. After centrifugation of 100 ϫ g for 5 min at 4°C, supernatant was removed, and the precipitant was minced in 10 ml of ice-cold PBS for 3 min. Then the mixture was centrifuged at 100 ϫ g for 5 min at 4°C, supernatant was removed, and the precipitant was suspended in 18 ml of RB. 500 l of suspended samples were plated in 24-well plates and stimulated with either vehicle solution (dimethyl sulfoxide), LPI, or Fsk ϩ IBMX with DPP IV inhibitor (Merck Millipore) for 1 h at 37°C under 5% CO 2 . Samples were centrifuged at 1000 ϫ g for 10 min at 4°C, and the supernatant was used for enzyme-linked immunosorbent assay. Data were normalized with tissue weight as pM/mg.
Imaging data analysis
Images acquired from live cell imaging experiments were analyzed using both ImageJ and MetaMorph software. Basal fluorescence intensity, normalized to 100%, was calculated as the average fluorescence intensity between 150 and 180 s from the beginning of image acquisition. To calculate the area under the curve, a photobleach curve was plotted as a single exponential curve between 185 and 1200 s, 245 and 1200 s (in ϩ RR of Fig. 4C ), or 365 and 1200 s (in Fig. 6B ). The area between the photobleach curve and the acquired time course was used for statistical analysis.
To determine the density of focal adhesions, we counted the number of Lifeact-EGFP-derived fluorescent dots (Fig. 3C) using ImageJ. In brief, images were binarized with "subtract background" and "threshold," and fluorescent dots were defined as regions between 4 and 32 pixel 2 and circularity between 0.5 and 1.0 in "analyze particles." The number of these dots was divided by the area of each cell.
For statistical analysis, data are shown as the mean Ϯ S.D. Means were compared by either Welch's t test or one-way ANOVA followed by Tukey's or Dunnett's post hoc test using GraphPad Prism 6 software (GraphPad software, La Jolla, CA).
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